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Abstract 
During the past five years VTT has actively developed fabrication processes for the state-of-the-art edgeless strip and 
pixel detectors with a negligible dead region at the edges. The article summarizes the measured properties of VTT’s 
edgeless detectors and gives references to the relevant journal papers. The measured properties include leakage 
current, breakdown voltage and capacitance dependences on the detector thickness and polarity. Earlier X-ray tube 
and radiation source characterization results are revised and new ones are introduced to reveal a pixel response as a 
function of bias voltage and pixel location in the detector’s pixel matrix. Part of the article concentrates on alpha 
particle characterization of the detectors, especially to the pixel response properties at the edge regions of the 
detector. The article shows that the edgeless detectors are not losing charge collections efficiency at the edge and the 
spectroscopic response is comparable to the inner regions of the detector. In addition, the distortion of the electric 
field at the edge of the detector is almost independent on the applied reverse bias voltage. 
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1. Introduction 
During the past five years VTT has actively developed fabrication process for the state-of-the-art 
edgeless strip and pixel detectors with a negligible dead region at the edges. The aim of this activity is to 
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be able to provide seamlessly tileable (four-side buttable) silicon detectors for construction of a large area 
imaging array, which can be used in various applications [1].  
The article summarizes the measured properties of VTT’s edgeless detectors by giving references to 
the relevant journal papers. The measured properties include leakage current, breakdown voltage and 
capacitance dependences on the detector thickness and polarity. Earlier X-ray tube and radiation source 
characterization results are revised and new ones are introduced to reveal a pixel response as a function of 
bias voltage and pixel location in the detector’s pixel matrix. Part of the article concentrates on alpha 
particle characterization of the detectors, especially to the pixel response properties at the edge regions of 
the detector. 
A recent article [2] has concentrated on characterization of 5 x 5 cm2 p-on-n edgeless diodes having 
thicknesses of 50 μm, 100 μm and 150 μm, and 50 μm pixel-to-edge distance. The article represents that 
the leakage currents of these edgeless diodes range from 3 nA/cm2 to 8 nA/cm2 at 100 V reverse bias. The 
breakdown voltages have been measured to be from 140 V up to more than 200 V depending on the diode 
thickness. No guard rings have been implemented into the measured diodes. It is foreseen that number of 
floating guard rings between the pixel matrix and the active edge will improve the breakdown 
characteristics significantly. The results with floating guard rings will be reported separately. 
Capacitances of the diodes ranged from 8 pF/cm2 to 23 pF/cm2 at full depletion for 50 μm and 150 μm, 
respectively. The full depletion of the diodes was measured to be between 4.5 V and 9 V for diode 
thicknesses of 50 μm and 150 μm. 
Another recent article [3] has studied the pixel response and internal voltage distribution at the edge 
region of a 150 μm thick n-on-n edgeless pixel detector, which was coupled to Timepix readout. The 
evaluation has been done with help of microfocus lasers and beam tests at SPS accelerator at CERN. The 
results show a world record of less than 2 μm of insensitive layer at the edge region of the edgeless 
detector. In addition, it is shown that the voltage distribution follows very accurately the simulated results 
of the edgeless detectors.  
Having summarized the latest results, this article will present more thorough characteristics of the 
edgeless detector properties and responses of the pixels at the interesting region close to the active edge. 
The detector structures studied for this article are 150 μm thick n-on-n edgeless pixel detectors coupled 
Medipix2 [4] and Timepix [5] readout ASICs. The pixel pitch of the detectors is 55 μm and the pixel 
isolation has been done with a common p-stop grid, presented in [1]. 
2. X-ray characterization 
The readout used for these measurements was a Medipix2 photon counting ASIC. The pulse 
discrimination threshold can be adjusted in steps of 40 electrons. The sensor structures studied with X-ray 
radiation were 150 μm thick n-on-n edgeless pixel detectors. The pixel-to-edge (PTE) distances were 20 
μm and 50 μm.  
It has been reported in [5] that by using a broad X-ray spectrum, the pixels in the column closest to the 
edge count fewer of photons whereas the ones in the second from the edge count more as compared to the 
pixels in the inner region. To investigate this behavior in more detail, the count ratios between edge and 
inner pixels have been measured using an Cu target X-ray tube and 20 kV tube voltage together with a 
200 μm Cu K-edge filter, which gives a quasi monochromatic 8 keV beam. This spectrum is simulated 
using a W target spectrum at 20 kV and the 200 μm Cu filter to give an estimation of the radiation that is 
detected at the detector, see Fig. 1. The absorption probability in the 150 μm thick Si detector is also 
plotted. About 90% of the 8 keV photons are absorbed into the detector, whereas the attenuation 
efficiency drops very fast at higher energies. 
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Threshold scans from about 4 keV to 26 keV were performed in order to measure the charge collection 
properties of the two sensor geometries at sensor bias voltages from 10 V to 110 V with a 60 s acquisition 
time for each threshold DAC setting. The measured scans were fitted with a model function for the 
cumulative spectrum in presence of charge sharing:  
 
where the first part is modeling the charge sharing contribution on top of the spectral line, which is 
presented by the second part. The energy threshold is given by a variable , the photo peak position by 
the coefficient a3 and the root means squared (rms) width of the peak by a4. Fig. 2 illustrates the fitting 
function in use for the measured data from the center of the matrix. The images represent the data points 
and the fitted lines of integral and derivative of the energy spectrum.  
 
),
Fig. 1. Simulated energy spectrum from W-target X-ray tube at 20 kV with and without a 200 μm thick Cu-
filter. Absorption probability of 150 μm thick Si layer. 
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The pixel responses at the detector’s edge and inner region are compared by averaging the count rates 
over the inner 250 pixels at the three columns close to the sensor edge, hereby excluding the three 
outermost pixels, and comparing the results to the average count rate in a 150 x 150 pixels region in the 
center of the pixel matrix.  
 
Fig. 3 shows the photo peak position of the edgeless detectors as a function of reverse bias voltage, 
with the photo peak position given in threshold DAC values. Please note that the actual threshold applied 
to the signal is negative proportional to the DAC value, and a lower DAC value represents a higher 
threshold. The higher photo peak energy of the pixels close to the edge with respect to the pixels in the 
center of the matrix indicates a reduced contribution from charge shared events. This is in agreement with 
TCAD simulation showing a deformed collection field close to the sensor edge [5]. The position of the 
photo peak measured in the pixels in the two columns closest to sensor edge in the sensor with 20 um 
PTE remains almost constant for all bias voltages. This indicates that the depletion volume close to the 
active edge reaches its maximal extend already at low bias voltages. The effect can be seen also in the 
Fig. 3. Photopeak position as a function of the reverse bias voltage for the edgeless detectors with the PTE of (left) 20 μm and 
(right) 50 μm 
Fig. 2. Measured data from the center of the pixel matrix and corresponding fitted functions for (left) integral and (right) derivative 
of the energy spectrum. Each DAC step corresponds to 125 eV. 
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sensor with 50 um PTE, though much less pronounced. 
 
Fig. 4 shows the energy resolution, which is determined by the full width at half maximum (FWHM) 
of the photo peak, of the edgeless detectors with the PTE of 20 μm and 50 μm as a function of reverse 
bias voltage. The results indicate that the width of the photo peak close to the sensor edge and in the inner 
regions are comparable, indicating that the major noise contribution stems from the readout electronics 
noise. The outermost pixel column has an almost constant energy resolution over the measured bias 
voltage range. This is caused again by the smaller depletion volume of the pixel electrode, leading to 
shorter collection times for the detected photons and therefore less charge sharing as compared to pixels 
with a depletion volume through the full sensor thickness.  
 
Fig. 5 shows the photo peak counts of the edgeless detectors with the PTE of 20 μm and 50 μm as a 
function of reverse bias voltage. As the photo peak count excludes contributions from charge shared 
events, it can be concluded that the active volume of the second pixel column is deformed and reaches 
into the geometric pixel volume of the edge pixels, see [5]. The field still is slightly deformed in the third 
pixels column.  
Fig. 4. Photo peak’s FWHM and detector’s energy resolution as a function of the reverse bias voltage for the detectors with the PTE 
of (left) 20 μm and (right) 50 μm. 
Fig. 5. Photo peak counts as a function of the reverse bias voltage for the detectors with the PTE of (left) 20 μm and (right) 50 μm. 
The photo peak count is given by the integrated counts within the FWHM of the energy spectrum. 
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3. Alpha particle characterization 
The detector structure studied with alpha particles was a 150 μm thick n-on-n edgeless pixel detector 
coupled Timepix readout ASIC. The pixel-to-edge distance was 50 μm. The detector was tested using 
alpha particles emitted by Am-241 with energy of 5.485 MeV (85%) and 5.443 MeV (13%). The 
measurement was performed in air at distance of about 5 mm by placing the alpha source above the 
detector center. Energy of the alpha particles at the detector is decreased due to energy losses in air. The 
energy of the individual alpha particles at the detector surface ranges from 5 MeV at the detector center to 
4.7 MeV near the edge. 
Charge generated by incident alpha particle spreads during the charge collection and it is finally 
registered by cluster of pixels (charge sharing effect). The size of such clusters is affected by detector 
reverse bias voltage. Higher voltage speeds up the charge collection process reducing extent of charge 
diffusion.  
First an average cluster shape of the alpha particles was evaluated at the center part of the detector. It 
was observed that the response of individual pixels saturate at about 1.4 MeV. Such saturation happens in 
central pixels of the clusters. Fig. 6 shows the saturation in effect as the reverse bias voltage of the 
detector is increased. In the further characterization, to minimize the energy losses due to the pixel 
saturation, the reverse bias was fixed to 15 V that already allows the full depletion of the detector. Then 
the charge is shared by many pixels and even the maximal pixel in the cluster (the central one) remains 
not saturated. The charge collected by the pixels in inner regions of the detector averages to about 4.4 
MeV, as shown in Fig. 7. The range of these alpha particles in silicon is about 28 μm. Some energy loss is 
caused by deeply diffused cathode contact. Another small part of charge is lost in the pixels surrounding 
the cluster, where the collected charge did not exceed the energy threshold of 4.4 keV, as shown in Fig. 6. 
Fig. 6. Cluster shape profile of alpha particles at the center region of the edgeless detector in (left) linear scale and (right) 
logarithmic scale, where the threshold value of 4.4 keV is visible. 
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Fig. 7 shows the averaged charge of collection in pixels in inner and edge regions of the detector. Also 
a schematic of a charge spread of an alpha particle near the edge is illustrated. It is obvious that the 
second pixel column from the edge collects most of the charge. This is problematic in the analysis, since 
these pixels begin to saturate even at the reverse bias voltage of 15 V.  
The average of 72 clusters from alpha particles hitting the edge regions of the detector are presented in 
Fig. 8. The average collected energy is only about 4.1 MeV. This is caused by the saturation of the second 
pixel column in certain events.  
Fig. 7. (Left) Average charge collected from alpha particles near the detector edge (pixel 255 is the edge pixel). This charge 
incorporates also charge leaking from the adjacent pixels. It should be ideally equal to the particle energy. (Right) Illustration 
of a single alpha particle hitting the edge region of the edgeless detector and how the created charge is shared among pixels 
near detector edge affecting cluster shape.  
Fig. 8. Sum of selected alpha particle events hitting the edge region of the detector. The pixel responses are summed over the 
columns resulting in energy spread profiles shown in right inset. These profiles were normalized by number of the alpha particles. 
 Juha Kalliopuska et al. /  Physics Procedia  37 ( 2012 )  1046 – 1054 1053
8 Author name / Physics Procedia 00 (2011) 000–000 
To see whether the energy of alpha particle events at the edge regions agrees with the average energy 
in inner part of the detector, we need to look at clusters that are not affected by the saturation. This 
happens when particle hits border between two vertically adjacent pixels. In such cases, the maximal 
charge is shared by two pixels in the same column. Fig. 9 shows some of these individual events. It can be 
seen that the integrated energy of such events is in excess of 4.4 MeV that agrees with the average energy 
in inner region of the detector, compare to Fig. 7. This shows that no charge is lost at the edge of the 
detector. 
4. Use in high energy Physics 
There are number of possibilities to use edgeless detectors in high energy physics applications. These 
include large area coverage with high spatial resolution for particles tracking and close approach to the 
beam line in beam telescopes and forward physics experiments. A novel idea to would be to construct a 
large tracking detector from edgeless detectors having different properties that would correspond to the 
environmental requirements. These properties could be detector material, detector thickness, bias voltage 
and need for high voltage tolerance. For example, thin edgeless detectors made of p-type MCZ Si 
material and high voltage tolerance could be implemented to regions with very high radiation fluency. 
Fig. 9. Examples of clusters detected at the edge regions of the edgeless detector. In these cases the particle hit the border between 
two vertically adjacent pixels so that the maximum charge is collected by two pixels. The charge is then below saturation level. In 
such cases the correct total energy is measured. 
Fig. 10. Illustration of the LHCb VELO experiment upgrade, where a single detector module (sensor and three VELOpix 
ASICs) obtain different amounts of radiation damage depending on the distance from the interaction point [7]. Numbers 
given in the figure are neutron equivalent fluencies cm-2. 
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Further away from the beam line or interaction point thicker detector made of p-type FZ Si material could 
be used, because no extreme radiation hardness is required. Fig. 10 shows an example of this kind of high 
energy physics experiment upgrade, i.e. LHCb vertex locator (VELO) [7]. 
So far there is no experimental study done on the radiation hardness of edgeless silicon detectors.  
5. Conclusions 
In this article we have summarized the measured properties of the edgeless silicon detectors fabricated 
at VTT. The new results include an extensive X-ray tube and alpha particle characterization that provide 
information about the electric field distribution and charge collection efficiency of the edgeless detectors. 
We have shown that in light of these measurements the edgeless detectors are not losing charge 
collections efficiency at the edge and the spectroscopic response is comparable to the inner regions of the 
detector. In addition, the distortion of the electric field at the edge of the detector is almost independent 
on the applied reverse bias voltage. We have also willing to open a discussion for the use of the edgeless 
detectors in the high energy physics experiments and possibilities that it could open.  
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